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- be utilized with rubber mill machinery, such, for
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. "My invention relates, in general, to control sys-
- tems and particularly to control systems that may

- UNITED STATES
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example, as calenders and the like. =
In the manufacture of rubber material, it is

‘necessary in certain cases to wind a strip of rub- |
‘ber on a reel as it is withdrawn from a calender
‘While subjecting the rubber material to but very
little, if any, tension. In view of the fact that the
rubber material cannot be subjected to tension,

~I'provide for winding the rubber upon the recl

- S0 cooperatively operating a delivering and a re-
ceiving means that the tension of the material -

- .transferring material from a delivering means to
& recelving means with a slack-loop and for util- -
izing said slack-loop for regulating the speed of"
-~ the receiving means. | .
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- _ Other objects will' hereinafter become apparent.
For a full understanding-of the nature and:the
‘objects.of my invention, reference may be had to
the accompanying drawings, which illustrate a
preferred embodiment of my invention, taken in

~with a slack-loop or a sag between the calender

and the reel. 'Furthermore, as the materiai is

being wound upon the reel, the diameter of the

reel gradually increases, thus making it necessary

to correspondingly decrease the speed of the reel -
~In order to maintain the sag of the slack-loop

substantially the same during the entire winding

- operation.

~An object of my invention is to provide for

- transferring material from a delivering means to
8 recelving means with a slack-loop and for so
‘regulating the speed of the receiving means rela-

tive to the delivering means that the sag of the

slack-loop remains substantially the same at al]
time, |

‘Another object of my in'venticbii is to pfd*#ide for

which passes from the former to the latter is re-
duced to a minimum at all times and for any oper-

- ating condition. | -

‘A further object of my invention is to provide

Also an object of my invention is to provide for

It is also an object of my invention to provide

Ior.regulating the speed of a receiving means in
- accordance with the status of a slack-loop of the
madterial as it is being received by the same means.
It is likewise an object of my invention. to pro--

- vide a control system of the class indicated. that

U ) --

shall be simple and reliable in operation and be

readily an

d.economically manufactured and in-
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connection with the following detailed descrip-
tion, in wnich: | | |

- Figure 1 is a diagram of a control system shown
in connection with a calender, and embodying the

features of my invention;
Fig. 2 is a diagram of a control system shown

in connection with a conveyor, and embodying the

features of my invention; and -

- Fig. 3 is a modified form of my control system
shown in Fig. 1, and illustrating a grid-glow tube

pose of amplifying the control current.

The control system in Fig. 1 comprises, gen-
erally, a calender 10, a generator 28, a motor 17
disposed to drive the calender 18 and the gen-

erator 20, a rotatable reel 31 driven by a mccor-

32 through a suitable speed reducer 34, a photo-

glow tube 38 that is responsive to a light source
39, and a variable rheostat 41 for the generator

relays 42 and 43. =

The calender 10 comprises three revoluble rolls
LI, 12 and 13 disposed in “substantial vertical
alignment so as to work a supply of rubber 14
into a flat sheet of the desired width and thick-
ness. ‘The rubber sheet, upon leaving the calender

20 actuated by a motor 44 and controlled by the

.. rolls, is disposed to ride over a rotatably mounted

roll 37 and thence with a slack-loop to the rotat-
able reel 31. o _' .
As is usual practice in constructing calenders,
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-associated with a photo-electric cell for the pur-
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the centrally disposed roll 12 is driven at g rela-

tively low speed by a motor 17 though a suitable

. - gear reduction comprising a worm wheel 15 and g,
for operating the speed of a receiving means n _-
accordance with the rate of speed at which mete-
rial may be delivered to said means,

worm 16. Inasmuch as the operating conditions
of a calender call for an approximate speed range

.of 4 to 1 an adjustable rheostat- 18 is connected
In circuit with the shunt field 19 of the motor 11
-for the purpose of providing said speed range.:

- Because of the 4 to 1 speed range of the motor

17, together with the fact that the diameter of the
. rotatable roll 31, in general, varies from approxi-
~ mately 6’” to 30’” from an empty roll to a full roll
- the speed range of the motor 32 must be approxi- -

mately 20 to 1. In view of this relatively large
speed range, I provide for controlling the speed of
the motor 32 by varying the armature voltage in-

- stead of the field current. Preferably, as illustrat-

ed, the armature of the motor 32 is connected in

- closed circuit with the armature of the generator

20 that is driven by the motor 11. . In this manner
the speed of the motor 32 is controlled directly by
the armature voltage of the generator 20, which is
a function of the speed at.which the said genera-
tor is driven by the motor (7, and the field

~ strength of the winding 2(.-. - ... . -
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‘Generally speahng since. the speed of the gen-

erator varies in accordance with the speed at

which the calender is driven, the variations in the

field strength of the winding 21 need be only suf-
ficient to compensate for the increase in the di- .

ameter of the rotatable roll 31. ‘That is to say,
a speed variation of 4 to 1 for the motor {1, to-
gether with a variation of fleld strength approxi-

~mately 5 to 1, produces an output voltage range
of the generator 28 approximately 20 to 1, thus

effecting a speed range of approximately 20 to 1
for the motor 32 that drives the rotatable reel 3{.
'As illustrated, the field strength of the genera-

tor 20 is varied by means of the rheostat 41 actu-
. ated by the motor 44 that is controlled by the
 photo-glow tube 38 and the associated relay #3.
' As the diameter of the roll 31 increases, it is .
manifested that the speed of the driving motor

32 must, correspondingly, be decreased in order
to maintain substantially the same sag of the
slack-loop between the calender roll 31 and the
reel .34. - Accordingly, when the slack-loop rises
a certain amount as a result of the increase in

‘the diameter of the reel 31, the light source 39

illuminates the photo-glow tube 38, which causes

. -it to function to pass sufficient current to operate
"~ the relay 43.

The relay 43, when closed, ener-
gizes the split field winding 46 of the motor 44

-~ in such direction that the motor actuates the

30
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rheostat arm 48 to the left to reduce the fleld -

strength of the winding 21 of the generator 20.
The limit switches 49 and 50 associated with va-

riable resistor 41 and normally biased closed by

the illustrated springs, serve to deenergize the

‘motor 44 when the arm 48 reaches the end of its
" travel, in either direction.
A photo-glow tube is similar tc a gas filled
o phctc-electric cell, except that the gas pressure
.is "considerably higher.
photo-glow tube is substantially like the opera-
tion of a very sensitive relay.
“when under the influence of a light source, the
said tube functions to pass current between the
illustrated electrodes, representing. the closed ,

The operation of the
In other words,

position of a relay, and when not under the in-

- fluence of a light source, the tube functions to

- 'Ppass no current representing an open circuit con-

11

dition of a relay. As illustrated, the photo-glow

" tube 38 is connected in circuit with the winding
of the relay 43 and when operated at sufficient

voltage, together with a suitable light source, the

. electron glow resulting from the photo-electric
. effect is sufficient to ionize the gas and initiate

55

-a glow discharge. between the ﬂlustrated elec-

trodes thereof.
-The glow dlscharge of a phcto-glcw tube is
sufficient to operate sturdy relays, since several

- ‘milliamperes. may flow therethrough.
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- It will be noted that when a glow discharge is
established, means must be provided for extin-

guishing the said discharge when the slack-lc op

intercepts the light source.
- In other words, if the illumination is increased *

above the break-down point and then decreased,

no amount of reduction in illumination will cause .

the .glow to cease.. That is to say, for the glow

discharge to ¢ease, the voltage to which the tube

is subjected. must be reduced below the. fixed
direct current break-down voltage. For the pur-
pose of reducing the voltage beiow this voltage,

I employ a vibrating interrupter 851 which may be
-of any conventional type connected in series cir-
“cuit relation with the photo-glow tube.

In this manner when the light source rachat-

"mg from the tht 39 is mtercepted by the slack-.

a2, 011 653
' lcop of the rubber strip, and when the pulsating

uni-directional current decreases to substantially |

Zero, the glow discharge ceases immediately.
- In explaining the operation of the control sys-

tem, let it be assumed that the positive supply

conductor 65 and the negative supply conductor

66 are energized, that the manually operated

switches 63 and 64 are closed, and that the slack-

loop of the rubber strip is intercepting the light
source 39. Under this assumed conditicn, the
“motor 71 that drives the calender 10 and the
generator 20 is energized by a circuit that ex-

“tends from the positive supply ccnduetcr 65
~ through conductor 61, the motor i1, and conduc-

tor 68 to the negative supply conductor 66.

At the same time; the shunt field winding 19

is energized. through the variable resistor 18,

which may be adjusted to accommodate any de-

- sirable speed condition of the calender (0. Just
as soon as the motor 17 begins to run, the gen-.

erator 20 provides power for operating the reel
motor 32. The armature of the generator 29 is

connected in closed clrcuit with the armature_.

of the reel motor 32 through & conductor 190,

manually .operable switch 64 and a return ccn--

ductcr 1i.
The ﬁeld 33 of the mctor 32 is connected di-
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rectly across the supply conductors 65 and 66 by

" conductors 28 and 29, and accordingly the speed

of the motor 32 is ccntrclled directly, by the out-
put voltage of the generator 20.. The light source

39 is connected directly across the suppl? con-
ductors -through conductors 11} and 180, *

For the purpose of varying the field stfensth

-of the generator 20, a motor operated rheostat

47 is connected in series- circuit relation there-
with. . ‘This circuit may be traced from the posi-

tive supply conductor 65 through conductors 18

and 94, the arm 48 of the rheostat the resisting
units cf the rheostat 41, ccnductcr 95, the field

winding 21 and conduetor. 96 to the negative sup-
ply conductor 66. In this particular embodi-

30

B

ment of the mventmn it will be observed that

in order to maintain substantially the same sag
in the slack-loop, the field strength of the wind-

- ing 21 must be decreased substantially in the -
- same proportion as the mameter of the rotatable

reel 31 increases.

45

In order to acccmphsh thls feature it will be' |

observed that even though the speed of the ro-

tatable reel 31 is constant, the gradually increas-

and permits the light source 3% to excite the

~ photo-glow tube 38. When a glow discharge is
‘initiated in the photo-glow tube 38, it passes

current for energizing the winding of the relay
43. This circuit may be traced from the posi-

50

ing diameter of the reel 31 raises the slack-loop

55

tive conductor 65 through conductor 12, the vi-

brating interrupter 5(, the photo-glow tube 38,

“conductors 13 and 74, the winding of the relay '
43, conductor 15, the limit switch 49, and con-

ductors 16 and 'l'l to the negative sum:.lsar con-

ductor 66.

The relay 43, ‘when cperated establishes & cir- |

cuit for energizing the motor 44. This circuit
- may be traced from the positive supply conduc-
‘tor 65 through conductors 18 and 719, the arma-
ture of the motor 44, conductor 80, the split fileld
winding 46, conductor 81, the contacts of the re-

. lay 43, and conductor 82 to the negative supply
conductor 66. Just as soon as the above-traced
circuit is established, the motor 44 actuates the
Accordingly, as the .

rheostat arm 48 to the left.
rheostat arm 48 moves to the left more resistance
is cennected in cireuit mth the ﬂeld Winding r 4

65

l'rs _'
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to reduce the -output voltage bf the generator 20,

~with the result that the speed of the motor 32

is correspondingly decreased. | |
The motor 44 continues to operate the arm 48

-to the left until the speed of the reel motor 32 has

been. decreased sufficlently to cause the slack-
loop to intercept the light source 38. At this in-
stant, the glow discharge of the photo-glow tube
is extinguished, resulting in the deenergization
of the relay 43 which, when open, interrupts the
circuit for energizing the motor 44. However,

in a relatively short period of time, the slack-loop

again rises, since the diameter of the reel 31 is

ever increasing, and permits light to fall upon
~ the photo-glow tube 38, which, in cooperation

with the relay 43 and the motor-operated resistor

41, as hereinbefore explained, decreases the field -

strength of the winding 24. This cycle of opera-
tion is repeated continually from the time that
the reel is empty until it is full. However, I find

in some cases, that it is desirable to allow the

operator to regulate the speed of the reel $f in-

~-dependently ‘'of the speed control effected by the

photo-glow tube 38,

- For this purpose, I provide for reversing the
‘polarity of the field flux of the motor 44 by means
~of the relays 42 and 43, together with their asso--
- clated push-button switches 8¢ and §1.

fore, when the operator desires to decrease the .

There-
speed of the reel motor 32, independently of the

- functioning of the photo-glow tube, he merely

40

depresses the push-button 4{ that is normally
" biased to open position by the illustrated spring.

| 3'5; This completes a circuit for energizing the relay

43, which, when operated, together with the mo-
tor operated rheostat 47 decreases the speed of

~ the reel motor 32, as hereinbefore explained.

-~ On the other hand, if the operator desires to
-Increase the speed of the reel motor 32, he merely
depresses the push-button 4@ that is normally
biased to open position by the illustrated spring.

-~ This establishes a circuit for energizing the re-

- 45

50

lay 82, which, when operated, connects the fleld
winding 45 with the motor 44. The circuit for
energizing the relay 42 may be traced from the

positive supply conductor 65 through conduc-
tor 97, push-button 48, conductor 88, the wind-

ing of the relay 42, conductor 99, the limit switch
90, and conductors 100 and 77 to the negative
supply conductor €8. |

When the relay 42 is closed, the current for

. operating the motor 44 flows from the positive

- armature of the motor 44, the split field winding

55
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ccnductor §5 through conductors 78 and 1§, the

89, conductor 82, the contacts of relay 42, and

conductor 88 to the negative supply conductor
- 88. Under this condition, since the fleld cur-

rent traverses the winding 4% instead of the wind-
ing 46, the motor 44 operates in the direction to
actuate the rheostat arm 48 to the right. In con-
sequence, the field strength of the winding 24 is
Increased, which in turn causes the generator 20

to generate more voltage for increasing the speed

of the motor 32. . | | |
It is apparent that as long as the push-button

~ 80 is depressed, the motor 44 continues to operate
in the direction to gradually exclude the resistor

70

_tice in constructing motor-operated rheostats
- for the purpose of stopping the motor when the

units of the rheostat 47 from the circuit of fleld

winding 2i. However, it will be observed that
the circuit which energizes the motor 84 is inter-
rupted when the rheostat 48 is actuated to the

extreme right, or to the extreme left.. This ar-
rangement is in accordance with the usual prac-

3

either. direction. . | o
Therefore, the control system shown in Fig-

~ure 1 provides for transferring material from a
delivering means to a receiving means with a

slack-loop and for so regulating the speed of the
receiving means relative to the speed of the de-
livering means that the amplitude of the slack-
loop Is substantially the same throughout the
operating period. | | |

‘The control system of Figure 2, is shown in ccn- |
- nection with a conveyor {18 and a delivering
- means 110. However, in this embodiment of the

invention the motor f1{ that drives the delivering
means {10 is operated independently of the motor

rheostat arm reaches tﬁe Iimit of its tra%el in.

10

15

119 that operates the conveyor 118. Generally, -

the control circuit in Pig. 2 comprises a deliver-
ing means (10 driven by the motor 1{1, a con-
veyor (18 driven by a motor 118, two photo-glow
tubes 122 and 123 with their associated light

20

sources 124 and 125, two relays 146 and 147 re-
sponsive to the photo-glow tubes, a motor oper- -
ated rheostat 138, and a manually operated rheo-

- stat 137.

The delivering means $10 is shown someﬁhat

25

diagrammadtically, since it may take the form of

many different types of machines to which my in- '
vention may be readily applied.. As diagram- |

matically shown, the delivering means includes

two coopersatively disposed rollers (12 and 113
driven by the motor Iif. The material, after it

passes between the. rollers, is.ejected from the

delivering means over the rollers {15 so as to re-
. lieve the material of an undue strain.

Preferably, as illustrated, the motor 111 ma'yf
be energized from any suitable source other than
the supply conductors {80 and 15! such as the

- supply conductors 108 and 108. The delivering

means {10 is so disposed relative to the conveyor
means (48 that the material is free to sag and
form a slack-loop as it passes from the former to

. the latter.

The conveyor means (I8 is, likewisé, shown
somewhat diagrammatically, because there are

many types of conveyors to which my invention

may be readily applied. As illustrated, the con-
veyor {18 comprises a plurality of rollers over

‘which the material passes after leaving the ro-
tatable driving roll 1i7 that is driven by the motor

i19 through a gear reduction {2@ of any suitable
type. -

In this embodiment of the invention, the pur-
pose of the control system is to so regulate the

In view of the fact thst in usual practice the
speed range of the delivering means (16 is not
more than 4 to 1 together with the fact that the

diameter of the driving roll 117 is constant, un-

like the rotatable reel of ever-increasing diam-
eter, speed control may be effected by varying the

fleld strength of the field winding 21 of the

motor {19. This is accomplished by means of
the motor-operated rheostat (389, together with
the manusally-operated rheostat 187. The con-

. struction and operation of the motor-operated

rheostat 188 is the same as that preﬁously de-

- scribed for the motor-operated rheostat 41 shown
. in PFigure 1.
and 123 respond to their associated light sources -

Likewise the photo-glow tubes 122

124 and 126 in the same manner as the photo-glow

30
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80

'Speed of the conveyor motor {19 that the slack- -
lcop is ‘maintained substantially the same:
throughout the operating period.

09
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tube 38 shown in Fig. 1 responds to its light

source 39 _

In expM- the dperation'of the cohtrol cir- ¢5 |

\ .
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'cmt shmm in Fxgure 2. Iet it be assumed that

‘the motor 14, which drives the delivering means

| 10

15

- stat 139, and conductor £6f to the negative sup~
_ ply conductor i51. |

20

- current that energizes the relay | 4% flows from |

30

§40, is energized by the supply conductors 188 and
i09. - When the supply conductors {80 and. {8f

are energized, the armature of the motor 148 is

connected -directly across the supply source

- through g circuit extending from the positive sup-
ply conductor {50 through conductor (52, the
armature of the motor {19, and conductor {52 to
The circult
~ the split fleld winding {44 instead of the splif

the negative supply conductor {§4.

for energizing the fleld winding of the motor {18

may be traced from the positive supply conduc-

tor 158 through conductor {54, the fleld winding

{28, conductor 1565, the manually-operated rheo-
stat 137, conductor 160, the motor-operated rheo-

-With the slack-loep in the stabilized position

-as illustrated in the drawings, the photo-glow

tube 122 is passing no current while the tiibe §23
is nassing current fo energize the relay {47. The

the positive supply conductor §58 through con-
ductor {79, the current interrupter {21, the photo-
glow tube 123, conductor §88, the push-button 143,

“conductor {84, the winding of the relay {47, con-

ductor {82, the limit switch (42, and conductors

. 183 and l% to the negative supply conductor 51,
- ‘When the contacts of the relays {46 and 147 are

cpen, the motor {43 that operates the rheostat 138

- is deenergized. This stabilized condition may ex-

385
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ist for a relatively long period of time, if the rela-
tive speed of the delivering means and conveyor .

-remsins unchanged.
of explaining the operation, I will assume that

However, for the purpose:

thhe speed of the delivering means is somewhsat

decreased, In which case the slack-loop gradually
rises and permits llght from the light source 1248

to illuminate the photo-glow tube {22. A glow
diccharge is immediately established, which

passes current for energizing the relay 46, . r

The circuit through the photo-glow tube 22
may be traced from the pasxtive supply conductor
iz8 through conductor {13, a vibrating inter-

rupter 128, the photo-glow tube {22, conductors

{74 and 175, the winding of the relay 146, con-

ductor §16, the limit switch {41 and conductofs
- 177 and {84 to the negative supply conductors 15§,

‘The contacts of the relay §€S, when closed, estab-

lish & cireuit for operating the motor 43. ‘This

circuit extends from the positive supply conductor
i58 <hrough’ conductor {88, the armature of
the motor 143, conductor i80, the split field wind-

ing 45, conductor {84, the contacts of the relay .

{46 and conductar ﬂ% to the negatwe ctmductor
54, -

Under thls condltion the motor {43 actuates

the rheostat arm 140 to the right, which increases -
~ the field strength of the motor {19 for reducing
Its speed. The motor {43 continues to actuate

- the rheostat arm {40 to the right until the speed

o the conveyor motor [{§ has decreased sufii-
ciently to cause the slack-loop to intercept the
light source 2§, whereupon the glow discharge
of photo-glow tube (22 ceases. At this point

‘stable operation between the delivering means
- and the conveyor means is established and the

motor {43 will continue to operate at this speed

-umess the speed of the delivery means changes.

Assuming that the speed of the delivering

- means increases the sag of the slack-loop of the

. material increases and intercepts the light source

125. The absence of ligsht upon the photo-glow

~ tube 123 extinguishes the glow discharge and

‘mterrupts the circuit that energizes the rela,y M"E

ﬁ 0% 1,653

The contacts of the relay { ﬂ when cIosed comd=
‘plete 2 circuit for operating the rheostat motor

{48 in the reverse direction to increase the speed
of the conveyor 8.

conductor (88, the armature of the motor §43,
conductor 198, the split fleld winding {44, con-
ductor 188, the contacts of relay 1471, and con-

- ductor 18§ to the negative supply conductar 164.

In this case, since the field current traverses

fleld winding 145, the motor 143 operates in re-

verse direction to actuate the rheostat arm 166
to the left. As the rheostat arm is actuated to
the left, the field strength of the winding {2{ is

gradually decreased to cause the speed of the
motor { §9to correspondingly increase.” When the
speed of the motor ({9 increases suﬁciently to
raise the slack-loop above the level of the light

source {25, the photo-glow tube 123 establishes

& glow . discharge for energizing the relay #47,
which interrupts the circuit for operating the-

This circuit may be traced
from the positive supply conductor {58, through

10

15

20

motor #48. . At this point, if the speed of the con-~

loop is maintained between the level of the two

lght sources 124 and 125

veyor ({8 and the delivering means {18 remains
- the same, stable operation is again resumed, and
1t will confinue to persist as long as the slack- .

In addition to the motor-operated rheost&t X 30

employ a manually-operated rheostat §37 for
further adjusting the field strength of the motor
§89. However, it is only necessary to operate the
rheostat 137 when it is desirable to regulate the

speed independently of the photo-glow tubes, and
when the range of the motm*—opemted rheostat

{38 Is insufficient to control properly the fleld
strength of the motor {9, Likewise, I employ

two push-buttons {48 and 148 for obtaining speed

control independently of the functioning of the
photo-glow tubes 122 and 123.

By depressing the push-button i48, a cirecuit is

completed for energizing the relay {46 in the

25

35

40

same manner as if the photo-glow tube 122 were

passing current. The contacts of the relay 148,

" when closed, cause the motor-opersted rheostat

f22 to function the same as previously described

. relafive to the photo-glow tube §22.

45

By depressing the push-bution i43, the circuit’ ~

that energizes the relay 141 is inferrupfed and,

‘when the contacts thereof are closed, a circuit is

established for causing the motor {42 to operate

- the same as it would if the photo-glow tube 23

were passing no current. By means of the push-
buttons 143 and {49, the operator may control
the speed of the conveyor {8 at will for the pur-

~ pose of a.ccommodating any desired operating

condition.

Therefore, the control circuits shown m Fig, 2 |
-provide for regulating the speed of 2 receiving

means in accorda.nce with the rate of speed at
which material may be delivered thereto.

The control circuit shown in Fig. 3 is a modi-
fled form of the control circuit shown in Fig. 1

and like parts sare represenied by the same
‘reference characters.

In the control circuit in
Fig. 3, a photo-electric cell {38, connected in cir-

cuit with a grid-glow tube 266 and g relav 219

replsce the photo-glow tube 38, shown in Fig, 1.

The operation of the photo-electric cell 199 is
dissimilar to the operation of the photo-glow
tube, in that the resistance which it offers to the :

flow of current varies substantially directly pro-

portionally to the amount of illumination falling

upon the said cell. When there is no light falling
- upon the photanelectric cell, its resistance is ex-
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" Ingly, the grid-glow tube acts as a8 rectifler as
~the result of the point-to-plane principle,

tremely high and cdnsedizently, it passes prac-
tically no current. When the photo-electric cell

Is illuminated, as a result of g higher position
of the slack-loop, the resistance is sufficiently re-

duced to operate the grid-glow tube 206, which is

~able to pass sufficient current for ‘operating

sturdy relays for industrial purposes.

In view of the fact that the photo-electric cells
in their present stage of development are unable
to pass sufficient current for operating sturdy
relays without considerable expense, I employ the

o ~said grid-glow tube. However, it is to be under-
“stood that when a photo-electric cell is developed

to pass sufficient current to operate relays
economically, I may utilize it to operate the relay
&3 directly, o | |

The grid-glow tube 206 comprises an anode 207
and a cathode 208 which are generally called the
principal electrodes, and a grid 208 associated
therewith. In this connection, the grid of a grid-
glow tube is effective only in- preventing or

| ] | J T b ]

- Initiating a glow-discharge, but cannot be made
to extinguish or control the discharge after it is

started, whereas the grid in a conventional

thermionic tube at all times maintains control

over the current passing between the anode and

the cathode. For thig reason, since the grid-glow

tube functions substantially as a very sensitive
relay, I have preferably employed a grid-glow
tube instead of a thermionic tube. However, 1
do not intend to limit my control system to a
grid-glow tube, since a thermionic tube may be

- utilized instead.

As illustrated, oné terminal of the bhoto-
electric cell 199 is connected to the anode 207

‘through a conductor 220 and the other terminal

of the photo-electric cell is connected to the grid
208 through a conductor 219. A resistor 218 is
connected between the grid 208 and the cathode

- 209, The resistor 216, together with the photo-
- electric cell 199, constitute a potentiometer for
biasing the grid voltage near that of the anode
when the photo-electric cell 189 is illuminated by
- the light source 239, as a result of g higher position

of the slack-loop.

I have preferably illustrated the grid-glow tube-

206 in association with g circuit  energized by

alternating current, supplied by the transformer .

203, instead of showing it as being utilized with
direct current, for the simple reason that when
the alternating current passes through zerc, pro-

‘vided, however, at the same time, that the photo-

electric cell is not illuminated, the glow discharge

of a grid-glow tube is extinguished. Direct cur- |

rent may be utilized if a vibrating interrupter is

current which causes the glow discharge to be-

come extinct when no light is falling upon the

‘photfo-electric cell 199.

As illustrated, one terminal of the secondary
winding 205 of the transformer 203, through con-

ductors 247 and 218, is connected to the cathode
209, and the other terminal of the secondary -
winding, through conductor 245, the winding of
- the relay 210, a variable resistor 212, is connected
- to the anode 287 Therefore, when a glow dis-

charge is established between the principal elec-
trodes 207 and 209

circuit is completed for

which, when closed, operates the relay 43. In

the usual construction of a grid-glow tube, the

- anode is centrally and vertically disposed within

~the tube and is small compared to the surround-
Ing disposed cylindrical cathode, and, ageQord-~

of the grid-glow tube 206, a
energizing the relay 210,

S

In general, it may be said that the current pass-
ing through' the tube is proportional to the area
of the negative electrode. That is to say, when

the outer cylinder-is negative, a large current

flows, and when the smali centrally disposed elec-

‘trode is negative, very little current passes.

Therefore, I employ a capacitor 21{ in. parallel

‘with the winding of the relay 210 for the pur-
- Pose of making the flow of the unidirectional cur-
~ rent through the winding of the relay 210 as con- |

tinuous as possible.

10

In explaining the operation of the photo-elec-

tric cell and the grid-glow tube, let it be assumed
 that the primary winding 208 of the transformer

Is energized from a suitable source of alternating
current such as the conductors 200 and 20 I, and
that the position of the slack-loop is such as to
intercept the light source 39. ‘Under this condi-

tion, the resistance of the photo-electric cell 199

is extremely high and, in consequence, the grid
Dotential relative to the cathode potential be-
tween which electrodes the discharge always be-
gins, is insufficient to initiate a discharge. The
tube, when in this condition, passes no current
between the principal electrodes, with the result
that the relay 210 is deenergized. Therefore,
the circuit that energizes the relay 43 is inter-
rupted, and the speed of thei motor 32 remains

- the same.

Assuming that, as a result of the increased
diameter of the rotatable roll 31, the slack-loop
rises and permits the light source 39 to illumi-
nate the photo-electric cell. This Hlumination

15
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will materially decrease the resistance of the -

Dhoto-electric cell and shift the grid potential

more and more towards that of the anode, until
the critical grid-to-cathode voltage ig reached,
at which time g threshold discharge is initiated
between the grid 208 and the cathode 209,

The cathode-to-grid threshold discharge is

-self-supporting, and since sufiicient voltage ex-

ists between the anode and the grid, the discharge
is transferred to the anode and g complete con-

40

tinuous discharge is effected between principal

electrodes 267 and 208.

The grid-glow tube, under this condition,
passes current which energizes the relay 2i0.
The discharge between the principal electrodes
continues to persist as long as the photo-electric

60

cell 198 is illuminated. The relay 20, when .

. energized, establishes a circuit for energizing the
relay 43, which controls the speed of the motor:

32, as previously explained in connection with

Figure 1. ) | |
However, as the speed is reduced, the sag of

the slack-loop increases to intercept the light

- falling upon the photo-electric cell. As s result,

the resistance of the photo-electric cell again
assumes an extremely high value, and the erid
potential relative to the cathode is decreased suf-

ficiently that, when the alternating current

passes through zero, the glow is extinguished.

In this connection, it is readily apparent that the
combination of a photo-electric cell and a grid-
glow tube, may replace the photo-glow tubes {22
and 123 shown in Fig. 2. However, I have deemed

it unnecessary to make s showing thereof becguse

the  functioning of the said bhoto-glectric celi

- Therefore, the control circuit in Fig. 3 pro-
-vides for operating the speed of a receiving means
In accordance with the rate of speed at which
Inaterial may be delivered to said means by utiliz-
‘Ing a photo-electric cell and a grid-glow tube.

0d
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and the grid-glow tube would he the same as that
explained in Figure 8.

Since certain changes in my invention may
be made without departing from the spirit and

6 scope thereof, it is intended that all matters con-

10

ib

20

tained in the foregoing description and shown in -

- the accompanying drawings shall be interpreted

as 111ustrat1ve and not in a limiting sense. |
I claim as my invention:

. 1. A 'control system comprising, m‘

nation, means for delivering material, constant

speed driving means therefor, mmeans for recelv-

ing said material, means for causing the said ma-

terial to have more than one direction of travel

as it passes from the former to the latter means,

variable speed driving means for driving said

receiving means at substantially the speed of said
constant speed driving means, and means includ-
ing a photo-electric cell that is responsive 1o the
position of said material for varying the speed

of said variable speed driving means.

2. A control system comprising, in combina-

- tion, means for delivering material, means for re-

25

ceiving said material, the relative positions of
said delivering and said receiving means being

- such that the material is free to sag as it passes

80

40
the accumulation of material thereon.

from the former to the latier, and means includ-

ing a radiation responsive device for substan-

tially maintaining the sag at a predetermmed-

value..

3. A control .system comprlsmg, in combination,
means.for delivering material, rotating means for
receiving the said material, the relative posi-
tions of said delivering and said rotating means
being such that the material is free to sag as it

- passes from the former to the latter, driving
- means for said rotating means, and means includ-

ing a radiation responsive device for gradually re-
ducing the speed of the said driving means as
the diameter of the rotating means increases with

4.- A .control system. comprising, in combina-

- tion, means for. delivering material, means for re-

45
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- ceiving said material, the relative positions of said

delivering and said receiving means being such
that the material is free to sag as it passes irom

the former to the latter, driving means for said

receiving means, means including a radiation re-
sponsive device for decreasing the speed of the
driving means when the sag is less than a prede-

termined value, and means including g, .second

- radiation responsive device for increasing the

60

speed of the driving means when the sag is more
than a predetermined value.
5. A confrol system comprising, in combma.—-

-~ tion, means for delivering material, means for

receiving said madterial, the relative positions of
said delivering and said receiving means being

- such that the material is free to sag as it passes
from the former to the latter, and means including
g plurality of radiation responsive devices ifor
maintaining the sag between an upper and a .

. lower limit.

35

6. A control system comprising, in combing-
tion, means for .delivering material, means for
receiving material, the relative positions of said
delivering and said receiving means being such
that the material is free to sag as it passes from
the.former to the latiter, 2 generator having an
armature and a field winding, a motor for driv-
ing .the said delivering means and the said gen-

~-erator, a motor having.an armature for driving
the receiving means connected in closed circuit
- relation with the armature of said genersator, and

means including a radiation responsive device the

combi- -

. having an armatufe and a field winding,
for driving the szaid delivering means and the said

B, OH. 653 -

energlzatlon of wlruch is contmlled by the sag/éf
the material as it passes from the delivering
means to the receiving means for varying the ef-
fectiveness of the field winding of said generator.
- 7. A control system comprising, in combina-

tion, means for delivering material, means for re-
“ceiving said material, the relative position of said
delivering and szid receiving means being such

as to provide a slack-loop in the material as it
passes from the former to the latter, a. generator

having an armature and a field winding, a motor
~for driving the said delivering means and the
said generator, 2 motor having gn armafure for
‘driving the receiving means connected in ci:osed

circuit relatmn with the armature of said gen-
erator, means for varying the effectiveness of the
field winding of said generator, and means includ-

10

5

ing a radiation responsive device, the energiza- |

tion of which is determined by the length of the

slack-loop, for regulating the field varying means.

8. A control system comprising, in combing-

" tion, means for-delivering material, means for
- receiving said madterial, the relative position of
‘said delivering and said receiving means being

such as to provide a slack-loop in the material
as it passes from the former to the latter, a gen-
erator having an armature and a field winding,
a motor for driving the said delivering means and
the said generator, a motor having an armature
for driving the receiving means connected In

closed circuit relation with the armature of said
- generator, and means including a radiation re-

sponsive device and a source of radiation for

 varying the excitation of the field winding
radiation responsive.
‘peing.
‘so disposed relative to the slack-loop as to de-
crease the excitation of said field winding when-
the amplitude of the sla.ck-loop is less than & pre-
‘determined value and to maintain the said exci-

of said generator said
device and said source -of radiation

tation substantially constant when the said am-
plitude exceeds said predetermined value.

8. A confrol system comprising
means for delivering material, means for receiv-
ing said material, the relative posifion of ssid
delivering and said receiving means being such
as to provide a slack-loop in the madterial as it
passes from the former {o the latter, a generator

generator, a motor having an armature for driv-
ing the receiving means, connected in closed cir-
cuit relation with the armature of said generator,

tuating the said resistor, means including a radi-
ation responsive device for controlling the opera-

, in combination,

3 moior
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- & variable resistor connected in circuit with the '
field winding of said generator, a motor for ac-

tion of said motor, said device being responsive

to the magnitude of said slack-loop.

10. A control system comprising, in combina-
tion, means for delivering mafterial, means for
receiving said material, means for causing the
said material to have more than one direction of

" travel as it passes from the former to the latter,

means for driving said receiving means and means
including a photo-electric cell and an electric dis-

- charge device for regulating the speed of said

driving means in a.cg:ord&nce with the speed at
which the szid material is being delivered there-

- to, said photo-electric cell being reSponsive to a

predetermmed sag of said material.

11. A control system comprising, in combma—.

tion, means for delivering material rotating
means for receivmg the said material, the rela-

- tive positions of said delivenng and sald rotatmg

80
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means belng such- that the material is free to sag

~as it passes from the former to the latter, means

10

for driving sald rotating means, and means in-
cluding a photo-electric cell and an electric dis-
charge device for gradually reducing the speed of
the said driving means as the diameter of the ro-

tating means increases, said photo-electric cell

being responsive to the degree of sag. -
- 12. A control system comprising, in combina-
tion, means for delivering material, means for

- receiving material, the relative positions of said

15

- delivering and said receiving means being such

that the material is free to sag as it passes from

 the former to the latter, a generator having an

armature and a field winding, a motor for driving
the said dehvermg means and the sald generator,

& motor having an armature for driving the re-

20

 electric cell being responsive to the sag of the ma-

terial as it passes from the delivering means to
20

30

39

40

ceiving means connected in closed eircuit rela-
tion with the armature of said generator, and

means including a photo-electric cell and an elec-
tric discharge device for varying the effectiveness

of the field winding of said generator, sald photo-

the recelving means.

13, A control system comprising, in combina.-'

tion, means for delivering material, means for re-
celving said material, the relative position of said

delivering and said receiving means being such as
to provide a slack-loop in the material as it passes

from the former to the latter, a generator having
an armature and a field winding, a motor for driv-

ing the said delivering means and the said gen-
erator, a motor having an armature for driving

the receiving means connected in closed circuit

“relation with the armature of said generator,

means for varying the effectiveness of the field

winding of said genera.tor and means inchiding

a photo-electric cell and an electric discharge

device for regula,tmg the fleld-varying means,

- said photo-electric cell being responsive to the

. .45

60

- magnitude of said slack-loop.

14. A control system comprising, in combina-

htion means for delivering material, means for

receiving sa.l material, the relative position of
sald delivering .and said receiving means heing

suich as to provide a slack-loop in the material as

it passes from the former f{o the latter, a genera-

tor having an armature and a fileld winding, a.

motor having an armature for driving the receiv-

~ ing means connected in closed circuit relation

" - with the armature of said generator a variable

55

resistor connected in circuit with the field wind-

ing of said generator, a motor for actuating the

said resistors, and means including a photo-elec-
tric tube, and a grid glow tube for controlling
the operation of said motor, said photo-electric
tube being responsive to the magnitude of said

- slack-loop. !

60
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15. A control system comprising in combina-
tion, means for delivering material, means for

receiving said material, the relative position of
- said delivering and said receiving means being

such as to provide a slack-loop in the material
as:'it passes from the former to the latter, a gen-

~ erator having an armature and a field winding, a
‘motor for driving the said delivering means and

- the said generator, a motor having an armature

70

for driving the receiving means connected in
closed circuit relation with the armature of said
-generator, means including. a photo-electric tube,

and an electric discharge device and a light source

- for varying the excitation of the field winding of

said generator, said photo-electric cell and said

N 4

light source being so disposed relative to the

slack-loop as to decrease the excitation of said

- field winding when the amplitude of the slack-

loop is less than a predetermined value and to
maintain the said excitation substantially con-
stant when the said amplitude exceeds said pre-
determined value.

16. A control system comprising, in combina-

“tion, means for delivering material, means for ze-
" ceiving said material, the relative position of said
‘delivering and sald receiving means being such

as to provide a slack-loop in the material as it

having. an armature for driving the receiving
means, connected in closed circuit relation with
the armature of said generator, a variable resistor

connected in circuit with the field winding of said

generator, & motor for actuating the said resistors,
and means including a photo-electric tube for con-
trolling the operation of said motor, said photo-

electric tube being responsive to the magnitude |

of said slack-loop.
17. A control system comprising, in combina-

tion, means for delivering material, means for

receiving said material, the relative positions of
said delivering and said receiving means being
such that the material is free to sag as it passes
froril the former to the latter, a motor having a

- fleld winding for driving said receiving means, a

variable resistor connected in circuit with said
field winding, an auxiliary motor for actuating

the said resistor, and means including a plurality

of radiation responsive devices and associated
light sources for controlling the operation of said
auxiliary motor, said radiation responsive devices
being responsive to the sag of the maferial as it

passes from the delivering means to the receiving

means,

18. A control system comprising, in combina-
tion, means for delivering material,” means for
receiving saild material, the relative positions of
said delivering and said receiving means being
such that the material is free to sag as it passes
from the former to the latter, a motor having a
field winding for driving said receiving means, &

variable resistor connected in circuit with said

field winding, an auxiliary motor for actuating
the said resistor, means including a plurality of

 radiation responsive devices and associated radi-
- ation sources for controlling the operation of said
‘auxiliary motor, the energization of said devices

being controlled by the sag of the material as it
passes from the delivering means to the receiving
means, and means for controlling the operations
of sald auxiliary motor . independently of said
radiation responsive devices.

19. A control system comprising, in combina.-
tion, means for delivering material, means for re-
ceiving said material, driving means for each of
said two first mentioned means, the relative posi-
tions of said delivering means and receiving
means being such that the material is free to sag
as it passes from one to the other, a source of
radiant energy, a radiation responsive. device
disposed to be influenced by said source of radiant
energy by an amount determined by the length of
said sag, and control means controlled by said
radiation responsive device controlling said driv-
ing means for the material receiving means to
maintain the sag in said ma.teria.l at a certa,in

| length

ARNOLD S. RUFSVOLD.

10

 passes from the former to the latter, a generator
~having an armature and a field winding, a motor
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